Introduction
Several studies have documented an increased mortality risk due to cardiovascular events in patients suffering from schizophrenia [1, 2] . Some authors suggested that these events might be associated with cardiac autonomic dysfunction, specifically a decrease in vagal modulation and an increase in sympathetic activity. Bär et al. [3, 4] found a significant reduction of baroreflex sensitivity and heart rate variability as well as an increase of QT variability in schizophrenic patients indicating an autonomic imbalance. Recently the analysis of peripheral microcirculation by means of Laser Doppler Flowmetry (LDF) has revealed a significantly altered microcirculation in patients with acute schizophrenia compared to healthy subjects [5] . The LDF is a non-invasive technology that facilitates the study of microcirculation via spectral analysis of the LDF signal. Five relevant frequency subintervals were introduced for spectral analysis of blood flow signals [6, 7] . Three of these intervals are associated with the local mechanisms of vasomotion, namely: the frequency band from 0.01-0.02 Hz (vascular endothelial activity), the frequency band from 0.02-0.06 Hz (neurogenic activity) and the frequency band from 0.06-0.2 Hz (myogenic response). The other two bands are related to the transmission of global hemodynamic alterations to microcirculation: from 0.2-0.6 Hz (respiratory activity) as well as from 0.6-1.6 Hz (cardiac activity). The aim of this study was to analyse the interdependencies between indices for the assessment of autonomic regulation, especially linear indices from heart rate and blood pressure variability, and indices from spectral analysis of LDF signals that reflect the condition of the microcirculatory system. Therefore, we compared the correlation coefficients between indices in healthy controls with indices in patients suffering from acute schizophrenia in order to figure out if pathologic alterations are detectable and if the interaction between autonomic regulation and microcirculatory regulation is impaired in schizophrenic patients.
Methods
In this study 37 healthy subjects (CON, mean age 34.6±11.8 years, 21 males and 16 females) and 32 patients (PAT, mean age 35.9±11.9 years, 16 males and 16 females) were enrolled. The investigation conforms to the principles outlined in the Declaration of Helsinki. Local ethics committee approval and the informed consent of all subjects were provided. The LDF signals in two tissue depths (D1: 2mm; D2: 6mm) as well as an electrocardiogram (sampling frequency 1600 Hz) and continuous non-invasive blood pressure (Portapres, TNO Biomedical Instrumentation) were recorded simultaneously. A post-occlusive reactive hyperaemia test was performed, i.e. a forearm ischemia was produced by a pneumatic cuff placed on the upper arm and inflated to 30 mmHg above systolic blood pressure. After 3 minutes the cuff was deflated and registration of hyperaemia started. From ECG and blood pressure recordings, time series of beat-to-beat intervals (BBI), systolic blood pressure (SBP) values and diastolic blood pressure (DBP) values were extracted. From the BBI time series several indices from time and frequency domain were calculated according to the guidelines of the Task Force [8] . Additionally, comparable time domain parameters were extracted from SBP and DBP time series [9] . From the two LDF signals the Short Time Fourier Transform (STFT) was calculated and features in the three frequency subintervals reflecting local mechanisms were determined referring to endothelial, sympathetic and myogenic activity. The activities of the respiratory and cardiac subintervals were not included in this analysis since they refer to global hemodynamic processes. 
Results
The analysis revealed significant correlations between indices from linear HRV and spectral indices for all three subintervals in CON. The significant correlations are presented in Table 1 . The endothelial end sympathetic components in D1 showed positive linear correlations with the index VLF/P (0.003-0.04 Hz) from BBI. Additionally, the sympathetic and myogenic activities are linearly related to the frequency parameter LF/P (0.04-0.15 Hz) in D1 and the ratio LF/HF in both tissue depths. These correlations are not significant for PAT. In contrast, PAT showed high correlations between meanNN and the endothelial and sympathetic activity in D2. The Shannon entropies of SBP and DBP were positively related to the myogenic component in the patients group in D2. Furthermore, a negative linear relation between the mean of DBP and sympathetic activity in CON as well as between the Shannon entropy of DBP and the endothelial component in PAT were detected.
Discussion
The results of the control group show significant correlations between the central frequency parameters of BBI and their respective peripheral frequency intervals of microcirculation. Further on, a physiologic negative correlation between DPB_meanNN and sympathetic activity is found confirming known issues [10] . In the patient group these correlations disappeared completely, probably due to the impairment of the autonomic regulatory processes. Schizophrenic patients are characterized by a strong increase of heart rate and sympathetic activity. This is accompanied by a strong positive correlation between meanNN and the endothelial and sympathetic activity in this group. The patients additionally showed an increase in the Shannon entropy of SBP and DBP (p=0.02 from Mann-Whitney-U-test) compared to CON. The correlation of the myogenic component with these parameters might reflect a stronger local response to the variability of blood pressure. In conclusion the short term interaction between autonomic regulation and microcirculation decreases in schizophrenic patients compared to healthy controls while the permanently increased heart rate is highly correlated with the periphery (increased) sympathetic activation.
